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Abstract
Introduction
Objective data on the association of maximal aerobic capacity (VO2max) with work related
physical activity are sparse. Thus, it is not clear whether occupational physical activity
(OPA) contributes to an increase of VO2max. This study examined the association of VO2max
with work and non-work related physical activity in a Swiss working population.
Methods
In this cross-sectional study, a total of 337 healthy and full-time employed adults were
recruited. Demographic data, height, weight and BMI were recorded in all subjects. Partici-
pants were classified into nine occupational categories (ISCO-88) and merged into three
groups with low, moderate, and high OPA. Physical activity was objectively measured by
the SenseWear Mini Armband on seven consecutive days (23 hours per day). Participants
were regarded as sufficiently active when accumulating30 min of moderate-to-vigorous
physical activity per day. VO2max was evaluated using the multistage 20-meter shuttle run
test.
Results
Data of 303 participants were considered for analysis (63% male, age 33 yrs, SD 12). Multi-
ple linear regression analysis (adjusted R2 = 0.69) revealed significant positive associations
of VO2max with leisure-time physical activity (LTPA) at vigorous intensity (β = 0.212) and suf-
ficient moderate-to-vigorous physical activity (β = 0.100) on workdays. Female gender
(β = -0.622), age (β = -0.264), BMI (β = -0.220), the ratio of maximum to resting heart rate
(β = 0.192), occupational group (low vs. high OPA, β = -0.141), and smoking (β = -0.133)
were also identified as independent predictors of VO2max.
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Conclusions
The present results suggest that VO2max is positively associated with LTPA, but not with
OPA on workdays. This finding emphasizes the need for employees to engage in sufficient
high-intensity physical activity in recreation for maintaining or improving VO2max with regard
to health benefits.
Introduction
VO2max is defined as the maximum rate of oxygen consumption. It is generally accepted as an
appropriate measure of the functional capacity of the cardiorespiratory system and is com-
monly interpreted as an index of cardiorespiratory fitness [1]. Previous studies found that
poor cardiorespiratory fitness was a risk factor for various diseases such as hypertension,
stroke, type 2 diabetes, and metabolic syndrome [2, 3]. Other studies reported that a low
VO2max was associated with all-cause mortality and mortality from cardiovascular disease [4].
VO2max is determined by genetic factors, age, gender, as well as physical activity, body fat,
smoking, and medical conditions, i.e. metabolic syndrome and diabetes [5]. VO2max decreases
with age with an average rate of decline of about 1% per year or 10% per decade after the age of
25 [6, 7]. Recent data suggest that the ability of an individual to increase VO2max is genetically
determined. Each individual disposes of a predetermined genetic window, and can vary the
amount of VO2max with exercise training or detraining within that window [8]. VO2max values
range from about 10 ml/kg/min in severely ill cardiac patients to 80–90 ml/kg/min in world-
class runners and cross-country skiers [9]. VO2max may be substantially increased in response
to endurance training [8].
For decades, governmental and non-governmental agencies have promoted physical activ-
ity for individuals’ health benefits. The World Health Organization recommends that adults
between 18 and 64 years should engage in30 min of at least moderate-intensity physical
activity on most days of the week. Aerobic activity should be performed in bouts of10 min
duration across different domains such as work, leisure-time, transport, domestic and garden
[10]. Since most people in full-time employment spend one third or more of the day at work, it
is conceivable that occupational physical activity (OPA) may contribute to a large extent to
total daily activity. While leisure-time physical activity (LTPA) is well known to be positively
associated with VO2max [8], only few data are available on the relationship between OPA and
VO2max in employees. With regards to LTPA, Ong & Sothy [11] found that regularly exercising
men in sedentary occupations had a significantly higher mean VO2max than non-regularly
exercising counterparts. In contrast, the potential positive effects of OPA on VO2max are less
well investigated [12]. However, available data suggest that OPA, independent of formal exer-
cise programs, may positively affect VO2max [13].
Previous studies measuring physical activity in employees used pedometers and accelerom-
eters in combination with self-reported questionnaires. Self-reported questionnaires are the
most used method for physical activity assessment [14]. However, validation studies compar-
ing self-reported estimates to the gold standard method Doubly-Labeled-Water (DLW) are
inconsistent [15, 16]. Due to accuracy, ability to capture large amounts of data and ease of
administration, accelerometers are widely used today [17]. However, they are not accurate in
estimating physical activity during activities involving uphill and downhill walking or when
carrying heavy load while walking [18]. Pedometers directly observe duration of activities, but
do not record intensity and frequency of physical activity or purely upper body movements
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[19]. Armband devices, such as the SenseWear Mini Armband, integrate motion and heat-
related sensors. This dual measurement strategy is more sensitive for assessing energy expendi-
ture associated with complex and non-ambulatory activities, such as carrying heavy load while
walking [19]. Furthermore, this method ensures a sensitive determination of acceleration pro-
voked by muscle power or externally by a vehicle or gravitation [20].
Due to methodological limitations and lack of studies, potential associations of objective
physical activity and VO2max in employees still need to be clarified by further investigations.
Furthermore, with regards to the development of evidence-based activity recommendations it
is important to know, whether OPA contributes to an improvement of VO2max. Therefore, the
objective of this study was to analyse the relationship between VO2max and work and non-
work related physical activity as measured by the SenseWear Mini Armband in a Swiss work-
ing population. The secondary objective was to evaluate the effect of demographic factors on
VO2max including gender, age, body mass index (BMI), and smoking.
Materials and Methods
Study Participants
From May 17, 2013 (first participant in) to February 11, 2015 (last participant in), a total of
337 healthy and at minimum 80% employed adult workers from various companies of the
Basel region, Switzerland were recruited. Exclusion criteria were insufficient knowledge of the
German language, movement restrictions as well as diseases and accidents within the last three
months that affected productivity at the workplace. Furthermore, individuals, who had to
comply with specific security regulations, and night shift workers could not take part in this
study because of their altered sleep, eating and physical activity behaviour. This investigation
has been conducted according to the Declaration of Helsinki and was approved by the local
ethics committee “Ethikkommission Nordwest- und Zentralschweiz” (EKNZ, 260/12) on
December 21, 2012. Written informed consent was obtained from all study participants prior
to study entry.
Study Design and Procedures
In this cross-sectional study, the aim was to recruit an equal distribution of subjects across dif-
ferent occupational groups. A permit from leading persons of miscellaneous companies was
requested to receive contact details for potentially recruitable employees, who were then
informed and asked for study participation by phone or by e-mail. The selected companies
included medium sized corporations from the public sector (e. g. hospitals) as well as small
sized private firms (e. g. construction companies). At the study visit, height and weight were
reliably measured. Height was assessed without shoes by a medical measuring stick to the near-
est mm (model Seca 217, measurement range: 20 to 205 cm, Seca AG, Reinach, Switzerland).
The measurement of weight was performed on subjects in light clothing without shoes by a
medical scale with an accuracy of 0.1 kg (model Seca 877, load capacity: 200 kg, Seca AG, Rei-
nach, Switzerland). BMI was calculated from measured height and weight (BMI = weight/
height2 [kg/m2]). Subjects with a BMI of 25 kg/m2 or more were classified as overweight, and
those with a BMI of 30 kg/m2 or more as obese [21]. In addition, a variety of personal and job-
related factors were recorded by a generic questionnaire, such as age, gender, nationality, mari-
tal status, smoking status, alcohol consumption, highest education, current profession, daily
working hours, working time model, medication, psychotherapy, illnesses and accidents
within the last three months. The reported professions were classified into nine categories
based on the International Standard Classification of Occupations 1988 (ISCO-88) [22]. Par-
ticipants were then merged into three groups with low (managers, scientists, office workers),
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moderate (technicians, service workers, machine operators), and high (agricultural workers,
craftsmen, labourers) OPA [23]. Prior to the observation period, subjects performed a
20-meter shuttle run test in order to determine VO2max. During the subsequent week, partici-
pants were instructed to wear the SenseWear Mini Armband on seven consecutive days in
order to objectively measure daily physical activity.
Measurements
20-meter shuttle run test. The multistage 20-meter shuttle run test is a common endur-
ance fitness test to evaluate the maximal aerobic capacity of healthy adults. It is simple in use,
economical and large groups can be tested simultaneously. Validity of the one-minute stage
version of the 20-meter shuttle run to predict VO2max in adults was established by Le´ger &
Gadoury [24], who compared the maximal shuttle run speed to VO2max attained during a mul-
tistage treadmill test (r = 0.90). Test-retest reliability was found to be very high (r = 0.95) in
healthy adults [23].
This test was conducted on a flat, non-slip surface. Participants were instructed to run back
and forth between two lines, which were 20-meters apart, with a running velocity determined
by audio signals [23]. Starting speed was 8.5 km/h and every minute (stage), speed was
increased by 0.5 km/h until the subject could no longer keep the pace and did not reach the
lines in time twice in a row [23]. The test result corresponded to the number of reached stages.
According to a validated table [25], this score was used to predict VO2max, which could be
compared to age-dependent normative data for males and females.
Resting heart rate (HRrest), systolic and diastolic blood pressure were assessed prior to test-
ing after 10 minutes at rest in a sitting position in a quiet environment. Heart rate was continu-
ously recorded during the test up to maximum frequency (HRmax) and recovery pulse
(HRrecovery), systolic and diastolic blood pressure were measured two minutes after the end of
the test (in a sitting position in a quiet environment). The ratios of HRmax-to-HRrest and
HRmax-to-HRrecovery were calculated as (HRmax/HRrest) and (HRmax/HRrecovery) [26], respec-
tively. Hypertension was defined as a blood pressure of140/90 mmHg. Four participants did
not perform the 20-meter shuttle run due to a resting systolic blood pressure >180 mmHg.
They were pairwise excluded from the corresponding analyses.
SenseWear mini armband. The SenseWear Mini Armband (Model MF-SW) is a small,
lightweight and wireless multisensory activity monitor developed by BodyMedia Inc., Pitts-
burgh, Pennsylvania, USA (now Jawbone Inc., San Francisco, California, USA), which inte-
grates motion data from a three-axis accelerometer along with other sensors such as heat
flux, skin temperature and galvanic skin response. Validity of the SenseWear Mini Armband
was established by Johannsen et al. [20] comparing energy expenditure estimates of the Sen-
seWear Mini Armband against the criterion method DLW in healthy adults. The Armband
showed a high intraclass correlation with DLW (r = 0.85) and a low absolute error rate (8%,
SD 7%) [20].
Subjects were instructed to wear the SenseWear Mini Armband on the upper left arm (tri-
ceps area) for seven consecutive days, including while sleeping, with the exception of the time
spent on personal hygiene. The first and the last incomplete measurement day, including the
study visits, were not taken into account. Therefore, the investigated measurement period was
five days, which had to consist of at least three workdays to be included in the analysis [27]. A
day was considered as a whole workday, if participants worked cumulatively6 h, and as a
half workday in case of3 to<6 h. Days with<3 working h were regarded as non-working
days. Measurement periods of<22 h per day or <12 h during wake time were excluded from
analysis [28]. Information about workdays and non-working days as well as work-time and
Predictors of VO2max in Employees
PLOS ONE | DOI:10.1371/journal.pone.0168683 January 3, 2017 4 / 15
leisure-time on workdays was obtained from diaries participants filled in during the measure-
ment period.
Calculation of physical activity scores. The physiological data, collected by the arm-
band’s sensors, were processed by specific algorithms available in the SenseWear software
(BodyMedia, professional software V.7.0, algorithm V.2.2.4). Patients’ average daily number of
steps, active energy expenditure (AEE), physical activity level in metabolic equivalents of task
(METs) and physical activity duration at different intensities were examined. One MET corre-
sponds to 3.5 ml/min/kg VO2 [29]. For all variables, average values were calculated separately
for workdays and non-working days as well as for work-time and leisure-time on workdays.
The amount of physical activity (min/day) at a certain intensity level was calculated in two
ways (Table 1). First, one-minute intervals in which the intensity reached the following MET
thresholds were summed up: moderate physical activity (MPA)3 to<6 METs, high physical
activity (HPA)6 to<9 METs, and very high physical activity (VHPA)9 METs. As partici-
pants performed only little physical activity in the VHPA range, this variable has been com-
bined with HPA for a more representative measure with respect to the regression analysis
(combined variable: vigorous physical activity (VPA)). Second, because current guidelines sug-
gest accumulating physical activity bouts of10 min [29], this was considered in the calcula-
tion of moderate-to-vigorous physical activity (MVPA)3 METs. Thus, we were able to
investigate whether participants fulfilled the recommendation of MVPA of30 min per day
calculated from bouts10 min on workdays and non-working days [30].
Statistical Analysis
Data were analyzed using IBM SPSS Statistics (version 22.0). Significance was set at the 5%
level. The Shapiro-Wilk test was used to test whether data were normally distributed. Data are
presented as mean and standard deviation (SD) or number and percentage. To analyse differ-
ences across gender and physical activity categories, mean comparisons were performed using
Student’s T-test or Mann-Whitney test, if appropriate. Categorical data were analyzed with
Chi-Square test. To identify potential predictors of VO2max, a multiple linear regression analy-
sis was performed using the backward stepwise method. VO2max was considered as dependent
variable. Independent variables were age, gender, BMI, AEE / MPA / VPA / Steps during
work-time, leisure-time and on non-working days, MVPA on workdays and non-working
days (insufficient vs. sufficient), HRmax-to-HRrest, smoking (never smokers vs. current smok-
ers / never smokers vs. ex-smokers), and occupational group (group 1 vs. group 2 / group 1 vs.
group 3). Validity of the regression model was established by checking essential assumptions.
Checks for collinearity were made using tolerance and variance inflation factor (VIF) for each
Table 1. List of SenseWear physical activity variables and their definition.
Variable Definition
MPA Sum of moderate (one-minute intervals) physical activity (3 to <6 METs) during work-time and
during leisure-time on workdays / on non-working days.
HPA Sum of high (one-minute intervals) physical activity (6 to <9 METs) during work-time and
during leisure-time on workdays / on non-working days.
VHPA Sum of very high (one-minute intervals) physical activity (9 METs) during work-time and during
leisure-time on workdays / on non-working days.
VPA Sum of vigorous (one-minute intervals) physical activity (6 METs) (combination of HPA and
VHPA, produced for the regression analysis).
MVPA Sum of sufficient (30 min) / insufficient (<30 min) moderate-to-vigorous (3 METs) physical
activity (bouts of10 min) on workdays / non-working days.
doi:10.1371/journal.pone.0168683.t001
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of the independent variables calculated by means of the collinearity diagnostics in IBM SPSS
Statistics. AEE measured by the SenseWear Mini Armband was subject to power calculation.
Assuming a sample size of 100 subjects in each occupational group, there is a power of>90%
to detect a mean difference of 500 kcal between any of these groups. This calculation was based
on the assumption of a within group SD of 730 kcal and on a two-sided significance level of
5% [31].
Results
Subjects’ Characteristics
Of the 337 recruited subjects 303 were considered for analysis. Descriptive data for total
(n = 303), male (n = 190, 63%), and female (n = 113, 37%) subjects are presented in Table 2.
31% of subjects (n = 95) were found to be overweight and 7% (n = 21) were obese. Age ranged
from 18 to 61 years and did not differ significantly between sexes. A higher percentage of
males compared to females were current smokers, while more women than men were ex-
smokers. BMI, HRmax, HRrecovery, and systolic blood pressure were significantly increased in
male subjects. In contrast, only HRrest was higher in females. Diastolic blood pressure was
about the same in men and woman. More than half of the men suffered from hypertension,
whereas in woman less than one-third was affected. Gender distribution was more or less bal-
anced in group 1 (low OPA) and group 2 (moderate OPA), while only 4% of the investigated
females were represented in group 3 (high OPA).
Thirty-four subjects (10%) have worn the SWMA on less than three workdays and were
therefore excluded from the entire analysis. Reasons for non-wearing or non-evaluation were:
Table 2. Characteristics of study subjects.
Variables Total (n = 303) Male (n = 190) Female (n = 113)
Mean (SD) or N (%) Mean (SD) or N (%) Mean (SD) or N (%)
Age [yrs] 33 (12) 33 (13) 35 (12)
BMI [kg/m2] 24 (3) 25 (3) *** 23 (4)
Current smokers 64 (21%) 46 (24%) 18 (16%)
Ex-smokers 61 (20%) 32 (17%) 28 (25%)
HRrest 72 (13) 70 (13)* 74 (13)
HRmax 183 (15) 187 (14) *** 178 (15)
HRrecovery 106 (15) 108 (14) ** 102 (16)
Sys BPrest [mmHg] 135 (15) 140 (12)** 128 (18)
Dia BPrest [mmHg] 82 (10) 82 (10) 80 (11)
Hypertension (140/90 mmHg) 130 (43%) 104 (55%) 26 (23%)
History of Diabetes 0 (0%) 0 (0%) 0 (0%)
History of CAD 1 (0%) 1 (0%) 0 (0%)
Group 1 (low OPA) 101 (33%) 55 (29%) 46 (41%)
Group 2 (moderate OPA) 102 (34%) 40 (21%) 62 (55%)
Group 3 (high OPA) 100 (33%) 95 (50%) ** 5 (4%)
BMI, body mass index; CAD, coronary artery disease, Dia BPrest, diastolic blood pressure at rest; HRmax, maximum heart rate; HRrecovery, recovery pulse
(measured two minutes after the end of the 20-meter shuttle run test); HRrest, heart rate at rest; OPA, occupational physical activity; SD, standard deviation;
Sys BPrest, systolic blood pressure at rest; VO2max, maximal oxygen consumption during multistage 20-meter shuttle run test.
* p<0.05,
** p<0.01,
***p<0.001 (two-tailed) vs. females.
doi:10.1371/journal.pone.0168683.t002
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technical problems (n = 4), illness during observation period (n = 2), no paid occupation
(n = 5), no interest (n = 15), loss of the armband (n = 4), skin irritations (n = 2) or sleep prob-
lems (n = 2). Another 24 individuals had missing SWMA data on non-working days due to
more workdays during observation period and were pairwise excluded from the correspond-
ing analyses.
Physical Activity Data
Table 3 illustrates VO2max and objective physical activity measured by the SenseWear Mini
Armband according to gender. Males had a significantly higher VO2max than females. Overall,
most physical activity was performed within the moderate-intensity range. Furthermore, activ-
ity levels at all intensities, AEE, and the number of daily steps were higher in males compared
to females. Activity parameters differed significantly between sexes on workdays during work-
and leisure-time (with the exception of VHPA during leisure-time), while no gender-depen-
dent differences in physical activity were found on non-working days (with the exception of
AEE). Moreover, men showed higher physical activity levels on workdays (work-time and lei-
sure-time added) than on non-working days. In women, this was the case for MPA, AEE, and
steps, whereas it was the contrary for HPA and VHPA.
VO2max across Categories of Physical Activity
On workdays, VO2max was significantly higher in participants, who were sufficiently active
(30 min MVPA/day, 42 ml/min/kg, SD 9, n = 251, 84%) compared to those, who were insuf-
ficiently active (<30 min MVPA/day, 31 ml/min/kg, SD 7, n = 48, 16%) (p<0.01). However,
Table 3. Physical activity data, measured with objective methodology, SenseWear Mini Armband.
Variables Total (n = 303) Male (n = 190) Female (n = 113)
Mean (SD) Mean (SD) Mean (SD)
VO2max [ml/kg/min] 40 (10) 45 (8) *** 33 (7)
MPA Work-time [min/day] 151 (131) 190 (143) *** 85 (70)
Leisure-time [min/day] 107 (50) 113 (52) * 98 (44)
Non-working day [min/day] 178 (105) 187 (110) 164 (94)
HPA Work-time [min/day] 8 (14) 11 (16) *** 2 (6)
Leisure-time [min/day] 9 (11) 10 (11) ** 7 (11)
Non-working day [min/day] 12 (18) 13 (21) 9 (13)
VHPA Work-time [min/day] 0 (1) 0 (2) ** 0 (0)
Leisure-time [min/day] 2 (5) 2 (5) 1 (4)
Non-working day [min/day] 2 (7) 2 (8) 2 (6)
AEE Work-time [kcal/day] 795 (816) 1068 (905) *** 337 (273)
Leisure-time [kcal/day] 609 (321) 700 (341) *** 456 (211)
Non-working day [kcal/day] 950 (632) 1089 (706) *** 724 (398)
Daily steps Work-time 6521 (3888) 7511 (4292) *** 4855 (2285)
Leisure-time 5638 (2592) 5470 (2727) * 5919 (2332)
Non-working day 8997 (6190) 9187 (7321) 8685 (3673)
AEE, active energy expenditure; MPA / HPA / VHPA, physical activity duration at moderate (3–6 METs) / high (6–9 METs) / very high (9 METs) intensity;
SD, standard deviation; VO2max, maximal oxygen consumption during multistage 20-meter shuttle run test.
* p<0.05,
** p<0.01,
***p<0.001 (two-tailed) vs. females.
doi:10.1371/journal.pone.0168683.t003
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on non-working days, the difference between sufficiently (41 ml/min/kg, SD 9, n = 208, 75%)
and insufficiently (37 ml/min/kg, SD 10, n = 71, 25%) active participants was not significant
(p = 0.129).
Regarding the combination of physical activity categories on workdays and non-working
days, VO2max was found to be lowest in the category, which did not fulfil the activity recom-
mendations on both, workdays and non-working days (30 ml/min/kg), slightly increased in
the category, which fulfilled the recommendations on non-working days, but not on workdays
(34 ml/min/kg), clearly higher in those, who were sufficiently active on workdays, but not on
non-working days (41 ml/min/kg) and highest in the category, which fulfilled the recommen-
dations on both, workdays and non-working days (42 ml/min/kg).
VO2max Reference Values
Average VO2max values stratified by age and gender are given in Table 4. They were found to
be well within the representative reference ranges of VO2max for non-athletes provided by Ken-
ney et al. [8].
Independent Predictors of VO2max
Results of the backward stepwise multiple linear regression analysis with VO2max as dependent
variable are presented in Table 5. Adjusted R2 of the model was high explaining 69% of vari-
ance in VO2max. In decreasing order, female gender, age, BMI, VPA in leisure-time, HRmax-to-
HRrest, occupational group 3 (vs. group 1), smoking, as well as sufficient MVPA on workdays
contributed significantly to the model. In contrast, AEE / MPA / VPA / Steps during work-
time, MPA / AEE / Steps in leisure-time, AEE / MPA / VPA / Steps and sufficient MVPA on
non-working days, ex-smoking, occupational group 2 (vs. group 1) and HRmax-to-HRrecovery
were not found to be significant predictors of VO2max. Based on the results of the multiple
Table 4. VO2max reference values according to age and gender.
VO2max [ml/kg/min] Decrease over decade VO2max [ml/kg/min] ranges for non-athletes according to Kenney et al. [8]
Age
categories
N (%) Mean (SD) % Mean (reference ranges)
Total: 303
18–29 yrs 131
(43)
43 (9)
30–39 yrs 77 (26) 41 (9) - 5%
40–49 yrs 52 (17) 39 (8) - 5%
50–61 yrs 43 (14) 33 (8) -15%
Male: 190
18–29 yrs 91 (48) 47 (7) 48 (43–52)
30–39 yrs 40 (21) 45 (9) - 4% 44 (39–48)
40–49 yrs 36 (19) 42 (7) - 7% 40 (36–44)
50–61 yrs 23 (12) 38 (6) - 10% 38 (34–41)
Female: 113
18–29 yrs 40 (35) 34 (7) 38 (33–42)
30–39 yrs 37 (33) 36 (6) + 6% 34 (30–38)
40–49 yrs 16 (14) 31 (5) - 14% 31 (26–35)
50–61 yrs 20 (18) 26 (4) - 16% 29 (24–33)
SD, standard deviation; VO2max, maximal oxygen consumption during multistage 20-meter shuttle run test.
doi:10.1371/journal.pone.0168683.t004
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linear regression analysis, this study has generated the following prediction equation:
VO2max½ml=kg=min ¼ 63:006   ð11:902  gender; men ¼ 1; women ¼ 2Þ   ð0:197  age ½yrsÞ
  ð0:602  BMI ½kg=m2Þ þ ð0:155  VPA leisure   time ½min=dayÞ þ ð3:790  HRmax   to   HRrestÞ
  ð2:788  occupational group; group 1 ¼ 0; group 3 ¼ 1Þ   ð3:061  smoking; never smokers ¼ 0;
current smokers ¼ 1Þ þ ð2:506  MVPA workday; insufficient ¼ 1; sufficient ¼ 2Þ:
Discussion
Main Findings
This cross-sectional study found that men had higher levels of both, physical activity and
VO2max than women. In general, physical activity was more common during workdays than
during non-working days, especially among men. In addition, on workdays, mean VO2max
was significantly higher in participants, who fulfilled the global recommendations on physi-
cal activity compared to insufficiently active counterparts. Multiple linear regression analy-
sis with VO2max as dependent variable showed significant positive associations of VO2max
with LTPA at high intensities and with sufficient MVPA on workdays, but not with OPA at
any intensity. Female gender, age, BMI, the ratio of maximum to resting heart rate, occupa-
tional group 3 (vs. group 1), and smoking appeared as additional independent predictors of
VO2max.
Predictors of VO2max
The present results are in line with existing knowledge that females usually present lower
levels of physical activity and VO2max than males. The regression model with objective Sen-
seWear activity data has shown that female gender is the strongest predictor of VO2max. The
gender difference in VO2max can partly be explained by a higher percentage of body fat and
a lower hemoglobin concentration in females compared to males. Furthermore, men have a
Table 5. Backward stepwise multiple linear regression analysis with VO2max as dependent variable.
Model: n = 273, Adjusted R2 = 0.69 B SE B β p-value
Constant 63.006 4.882 <0.001
Gender (male vs. female) -11.902 0.811 -0.622 <0.001
Age [yrs] -0.197 0.029 -0.264 <0.001
BMI [kg/m2] -0.602 0.112 -0.220 <0.001
VPA leisure-time [min/day] 0.155 0.027 0.212 <0.001
HRmax-to-HRrest 3.790 0.720 0.192 <0.001
Occupational group (group 1 vs. group 3) -2.788 0.842 -0.141 <0.001
Smoking (never vs. current smokers) -3.061 0.811 -0.133 <0.001
MVPA workday (insufficient vs. sufficient) 2.506 1.001 0.100 0.013
B, unstandardized regression coefficient; β, standardized beta coefficient; BMI, body mass index; HRmax-to-HRrest, ratio of maximum to resting heart rate;
MVPA workday (insufficient vs. sufficient), comparison of insufficient (<30 min per day) to sufficient (30 min per day) moderate-to-vigorous physical
activity calculated from bouts of10 min on workdays; Occupational group (group 1 vs. group 3), comparison of group 1 with low occupational physical
activity to group 3 with high occupational physical activity; SE, standard error; VO2max, maximal oxygen consumption during multistage 20-meter shuttle run
test; VPA, physical activity duration at vigorous (6 METs) intensity. Excluded variables were: AEE / MPA / VPA / Steps during work-time, AEE / MPA /
Steps in leisure-time, AEE / MPA / VPA / Steps on non-working days, ex-smokers (vs. never smokers), occupational group 2 (vs. group 1), HRmax-to-
HRrecovery, MVPA non-working days (insufficient vs. sufficient).
doi:10.1371/journal.pone.0168683.t005
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higher proportion of muscle mass and thus more mitochondria than females [8]. The
decline of VO2max with age in the present study is comparable to previous studies of Jackson
et al. [6, 7]. In this study, participants younger than 50 years had a mean decline <10% per
decade and those older than 50 years a decline >10% per decade. As shown by previous
studies, measured VO2max presented a significant negative association with BMI. The ratio
of HRmax-to-HRrest contributed positively to the model, which is in line with a study of well-
trained men by Uth et al. [26], who observed highly significant correlations between mea-
sured VO2max and the Heart Rate Ratio Method. Consistent with previous investigations,
measured VO2max was negatively associated with smoking [32]. In this study, only VPA in
leisure-time contributed significantly to the regression model and showed a positive associ-
ation with VO2max. Kenney et al. [8] stated that the higher the initial state of fitness, the
smaller is the relative improvement for the same volume of training. Subjects with a mean
baseline VO2max of 40–51 ml/kg/min required an intensity of at least 45% of oxygen uptake
reserve (≙ 4.7–6.1 METs) to improve VO2max [33]. Since VO2max values of a large propor-
tion of the present sample were within this range (mean VO2max = 40 ml/kg/min, SD 10),
this study could confirm the statement, even if the threshold of 4.7–6.1 METs still falls
within the range of MPA, but at the upper limit. Contrary to expectation, OPA at any inten-
sity was not positively associated with VO2max. A possible reason could be that OPA despite
its long duration is more intermittent and not as effective as LTPA, which in general is
planned, structured, often short, of high intensity and very efficient [29]. However, the pres-
ent results are contradictory to previous findings. Hammermeister et al. [34] and Jang et al.
[12] suggested that OPA could have a significant effect on VO2max. Hirai et al. [35] also
found a significant relationship between work form and VO2max in male workers. The rea-
son that they found positive associations between OPA and VO2max might be that they used
simple self-reported questionnaires for assessing OPA. Miller & Brown [36] stated that mea-
suring work-related activity is problematic, because the intermittent and unstructured
nature of most work-related activities makes self-report difficult. The finding that subjects
in occupational group 3 with high OPA had a lower VO2max than those in group 1 with low
OPA could be explained by the lack of motivation to engage in high-intensity sports and
exercises after a tiring work-shift, since only VPA in leisure-time was found to be predictive
for VO2max.
Generalizability of Results
The present study included a wide range of manual and non-manual employees and repre-
sented a typical cross-section of the Swiss working population. Mean BMI, percentage of over-
weight, obesity, as well as gender distribution were comparable to the Swiss working
population in 2014 [37]. Furthermore, VO2max values in this study were in high agreement
with a previous population-based study in US employees [38]. This applies to mean total
VO2max as well as mean VO2max in men and women. Physical activity data measured by the
SenseWear Mini Armband were comparable to a recent study that objectively measured physi-
cal activity in 9554 Finnish employees with the Firstbeat Bodyguard device (dedicated device
for beat-by-beat 24 h heart rate and heart rate variability measurement) [39]. In both studies,
most physical activity was performed within the moderate-intensity range, and activity levels
at all intensities were higher in males compared to females. Contradictory to this study was
that on non-working days men accumulated more physical activity at all intensities than on
workdays. Concerning women, the present results were consistent with their findings. In both
studies, women showed more MPA on non-working days compared to workdays, while it was
the contrary for HPA and VHPA.
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Findings in Relation to Physical Activity Recommendations
In this study, 84% and 75% of participants fulfilled the activity recommendations of30 min
MVPA per day on workdays and non-working days, respectively. These findings were slightly
higher compared to a survey in the Swiss population from 2012, where 72% were sufficiently
active in their leisure-time [40]. However, in the survey a self-reported questionnaire was used
to assess physical activity and only LTPA was considered. This might explain the higher per-
centage of participants fulfilling the activity recommendations in the present study compared
to the Swiss survey of 2012. An explanation for the findings that LTPA on workdays was pre-
dictive for VO2max and participants being sufficiently active on workdays presented a higher
VO2max, could be that on workdays employees only have a little time window for exercising
outside work, which increases the density of activities. In contrast, on non-working days physi-
cal activity may be more unstructured and less efficient because of the extended time availabil-
ity (lower density of physical activity).
Clinical Implications
The potential health benefits of good cardiorespiratory fitness (high VO2max value) are well
known. It reduces the risk of various diseases in the general population. This investigation has
shown that OPA does not contribute to an improvement of VO2max. In contrast, to maintain
or improve VO2max, intensive physical exercise in leisure-time in the range of high-to-very
high intensity is required, as for example athletic cycling, soccer, martial arts, squash, inline
skating or aerobics [41]. A low VO2max and insufficient physical activity have a strong impact
on individuals’ wellbeing and all-cause mortality [2, 3]. Based on the present findings, it may
be recommended to implement an attractive and intensive sports program at the workplace,
such as lunch-time or after-work exercise in order to improve the overall health in the working
population.
Strengths and Limitations of the Study
The present study had several strengths. The study sample included a wide range of manual
and non-manual employees and represented a typical cross-section of the Swiss working pop-
ulation. Furthermore, the measurement of physical activity and VO2max was conducted with
objective instruments. The SenseWear Mini Armband promises an accurate assessment of
physical activity under non-ambulatory conditions. The inclusion of thermal- and perspira-
tion-related sensors in addition to the three-axis accelerometer provides a way to detect subtle
increases in physical activity associated with low-intensity activities [20]. Furthermore, the
detection of non-wearing, resting and sleep time allow for more confidence in data consis-
tency. However, there are also some limitations associated with the Sense Wear Mini Arm-
band. The device has been shown to underestimate physical activity at very high intensities
(>10 METs) [42]. This may explain why in the present study only few subjects had activities
above this intensity threshold (VHPA). Though, the relationship between VO2max and vigor-
ous LTPA is expected to be even stronger with reliable measurements of VHPA. Moreover, the
Sense Wear Mini Armband was found to underestimate activities involving purely lower
extremities, such as cycling, because of its wearing position on the upper arm [43]. In addition,
it is not waterproof and lacks to detect water-based activities. A strength of this study were the
strict exclusion criteria for recording days (e. g. measurement periods of<22 h per day or <12
h during wake time were excluded from analysis). Thus, the recordings covered well typical
workdays and non-working days. Nevertheless, the present study also had some weaknesses.
Since only 4% of women participated in group 3 (high OPA), there is a need for further investi-
gations to focus on females in this subgroup. Another limitation was that VO2max values were
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not directly measured, but predicted from the score, which participants reached in the
20-meter shuttle run test. For direct measurement of VO2max, spiroergometry is considered to
be the gold standard [44]. However, spiroergometry is labour-intensive, requires trained staff
and is therefore not feasible for assessing VO2max in large populations [45]. A recent study con-
firmed the validity of the 20-meter shuttle run test and concluded that it can accurately predict
VO2max in healthy adults [46]. The results revealed significant correlations between the num-
ber of shuttles in the 20-meter shuttle run test and directly measured VO2max (r = 0.87,
p<0.05) as well as the velocity at which VO2max occurred (r = 0.93, p<0.05) [46]. The present
study was cross-sectional in nature, which provided a snapshot of the relation between physi-
cal activity and VO2max. However, cause-effect-relationships are difficult to ascertain. To over-
come this limitation in future, longitudinal intervention studies are required.
Conclusions
The key finding of this cross-sectional investigation is that VO2max was not positively associ-
ated with OPA in a representative cohort of healthy Swiss employees, when objectively mea-
sured with the SenseWear Mini Armband. In accordance with existing knowledge, VO2max
showed a positive association with LTPA at vigorous intensity and with sufficient MVPA on
workdays. Furthermore, female gender, age, BMI, the ratio of maximum to resting heart rate,
occupational group 3 (vs. group 1), and smoking were identified as independent predictors of
VO2max. These findings provide the basis and therefore will be of great value for developing
evidence-based strategies to improve cardiorespiratory fitness in the working population.
Supporting Information
S1 Table. Professions of study subjects, stratified according to occupational group and cat-
egory.
(DOCX)
S1 Dataset. Excel file of personal an job-related factors.
(XLSX)
S2 Dataset. Excel file of body measurements and 20-meter shuttle run.
(XLSX)
S3 Dataset. Excel file of SenseWear Mini Armband activity parameters.
(XLSX)
S1 Protocol. Study protocol approved by the local ethics committee.
(DOC)
Acknowledgments
The authors of the present study would like to thank all employees for their study participa-
tion. In addition, the authors express their appreciation to “Gewerblich-industrielle Berufs-
fachschule Liestal” and “Kaserne Liestal” for their technical and equipment support.
Author Contributions
Conceptualization: JDL DM SBZ.
Data curation: JM SBZ.
Formal analysis: JM SBZ.
Predictors of VO2max in Employees
PLOS ONE | DOI:10.1371/journal.pone.0168683 January 3, 2017 12 / 15
Funding acquisition: JDL DM SBZ.
Investigation: JM SBZ US.
Methodology: JDL DM SBZ.
Project administration: TD JDL DM.
Resources: JDL DM.
Supervision: TD JDL AST DPW DM SBZ.
Visualization: JM SBZ.
Writing – original draft: JM.
Writing – review & editing: US TD JDL AST DPW DM SBZ.
References
1. Rowell LB. Human cardiovascular adjustments to exercise and thermal stress. Physiol Rev 1974;
54:75–159. PMID: 4587247
2. Hooker SP, Sui X, Colabianchi N, Vena J, Laditka J, LaMonte MJ, et al. Cardiorespiratory fitness as a
predictor of fatal and nonfatal stroke in asymptomatic women and men. Stroke 2008; 39:2950–2957.
doi: 10.1161/STROKEAHA.107.495275 PMID: 18688008
3. LaMonte MJ, Barlow CE, Jurca R, Kampert JB, Church TS, Blair SN. Cardiorespiratory fitness is
inversely associated with the incidence of metabolic syndrome: a prospective study of men and women.
Circulation 2005; 112:505–512. doi: 10.1161/CIRCULATIONAHA.104.503805 PMID: 16009797
4. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality from all causes, cardio-
vascular disease, and cancer. Med Sci Sports Exerc 2009; 41:998–1005. doi: 10.1249/MSS.
0b013e3181930355 PMID: 19346988
5. Zhang T, Zhang CF, Jin F, Wang L. Association between genetic factor and physical performance. Yi
Chuan 2004; 26:219–226. PMID: 15662737
6. Jackson AS, Beard EF, Wier LT, Ross RM, Stuteville JE, Blair SN. Changes in aerobic power of men,
ages 25–70 yr. Med Sci Sports Exerc 1995; 27:113–120. PMID: 7898326
7. Jackson AS, Wier LT, Ayers GW, Beard EF, Stuteville JE, Blair SN. Changes in aerobic power of
women, ages 20–64 yr. Med Sci Sports Exerc 1996; 28:884–891. PMID: 8832543
8. Kenney WL, Wilmore JH, Costill DL. Physiology of Sport and Exercise. 5th ed. Champaign, IL: Human
Kinetics; 2011. pp. 265–270.
9. McArdle WD, Katch FI, Katch VL. Exercise physiology: nutrition, energy, and human performance. 8th
ed. Baltimore: Wolters Kluwer Health; 2015. pp. 165–167.
10. World Health Organisation. Global recommendations on physical activity for health. Genf. 2010. http://
apps.who.int/iris/bitstream/10665/44399/1/9789241599979_eng.pdf. Accessed 7 August 2015.
11. Ong TC, Sothy SP. A comparative study of the maximum oxygen uptake of regularly exercising and
non-exercising health adult men in sedentary occupations. Occup Med (Lond) 1992; 42:120–124.
12. Jang TW, Park SG, Kim HR, Kim JM, Hong YS, Kim BG. Estimation of maximal oxygen uptake without
exercise testing in Korean healthy adult workers. Tohoku J Exp Med 2012; 227:313–319. PMID:
22850649
13. Perkio-Makela M. Influence of exercise-focused group activities on the physical activity, functional
capacity, and work ability of female farmers—a three-year follow-up. Int J Occup Saf Ergon 1999;
5:381–394. doi: 10.1080/10803548.1999.11076427 PMID: 10602655
14. Castillo-Retamal M, Hinckson EA. Measuring physical activity and sedentary behaviour at work: a
review. Work 2011; 40:345–357. doi: 10.3233/WOR-2011-1246 PMID: 22130052
15. Elliott SA, Baxter KA, Davies PS, Truby H. Accuracy of self-reported physical activity levels in obese
adolescents. 2014. J Nutr Metab.
16. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A comparison of direct ver-
sus self-report measures for assessing physical activity in adults: a systematic review. Int J Behav Nutr
Phys Act 2008; 5:56. doi: 10.1186/1479-5868-5-56 PMID: 18990237
17. Westerterp KR. Assessment of physical activity: a critical appraisal. Eur J Appl Physiol 2009; 105:823–
828. doi: 10.1007/s00421-009-1000-2 PMID: 19205725
Predictors of VO2max in Employees
PLOS ONE | DOI:10.1371/journal.pone.0168683 January 3, 2017 13 / 15
18. Dishman RK. The measurement conundrum in exercise adherence research. Med Sci Sports Exerc
1994; 26:1382–1390. PMID: 7837959
19. Freedson P, Bowles HR, Troiano R, Haskell W. Assessment of physical activity using wearable moni-
tors: recommendations for monitor calibration and use in the field. Med Sci Sports Exerc 2012; 44:1–4.
20. Johannsen DL, Calabro MA, Stewart J, Franke W, Rood JC, Welk GJ. Accuracy of armband monitors
for measuring daily energy expenditure in healthy adults. Med Sci Sports Exerc 2010; 42:2134–2140.
doi: 10.1249/MSS.0b013e3181e0b3ff PMID: 20386334
21. World Health Organisation. Obesity and overweight. 2015. http://www.who.int/mediacentre/factsheets/
fs311/en/. Accessed 7 August 2015.
22. Elias P. Occupational Classification (ISCO-88): Concepts, Methods, Reliability, Validity and Cross-
National Comparability. 1997.
23. Steele R, Mummery K. Occupational physical activity across occupational categories. J Sci Med Sport
2003; 6:398–407. PMID: 14723390
24. Leger L, Gadoury C. Validity of the 20 m shuttle run test with 1 min stages to predict VO2max in adults.
Can J Sport Sci 1989; 14:21–26. PMID: 2924218
25. Cooper CB, Storer TW. Exercise Testing and Interpretation: A Practical Approach. 1st ed. Cambrige,
United Kingdom: Cambridge University Press; 2001. pp. 57–59.
26. Uth N, Sorensen H, Overgaard K, Pedersen PK. Estimation of VO2max from the ratio between HRmax
and HRrest—the Heart Rate Ratio Method. Eur J Appl Physiol 2004; 91:111–115. doi: 10.1007/s00421-
003-0988-y PMID: 14624296
27. Scheers T, Philippaerts R, Lefevre J. Variability in physical activity patterns as measured by the Sense-
Wear Armband: how many days are needed? Eur J Appl Physiol 2012; 112:1653–1662. doi: 10.1007/
s00421-011-2131-9 PMID: 21874552
28. Pitta F, Takaki MY, Oliveira NH, Sant’anna TJ, Fontana AD, Kovelis D, et al. Relationship between pul-
monary function and physical activity in daily life in patients with COPD. Respir Med 2008; 102:1203–
1207. doi: 10.1016/j.rmed.2008.03.004 PMID: 18573647
29. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, et al. American College of
Sports Medicine position stand. Quantity and quality of exercise for developing and maintaining cardio-
respiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for pre-
scribing exercise. Med Sci Sports Exerc 2011; 43:1334–1359. doi: 10.1249/MSS.0b013e318213fefb
PMID: 21694556
30. Committee AGA. Activity Guidelines Advisory Committee report, 2008. To the Secretary of Health and
Human Services. Part A: executive summary. Nutr Rev 2008; 67:114–120.
31. Wultsch G, Rinnerhofer S, Tschakert G, Hofmann P. Governmental regulations for early retirement by
means of energy expenditure cut offs. Scand J Work Environ Health 2012; 38:370–379. doi: 10.5271/
sjweh.3195 PMID: 21918790
32. Suminski RR, Wier LT, Poston W, Arenare B, Randles A, Jackson AS. The effect of habitual smoking
on measured and predicted VO2(max). J Phys Act Health 2009; 6:667–673. PMID: 19953845
33. Swain DP, Franklin BA. VO(2) reserve and the minimal intensity for improving cardiorespiratory fitness.
Med Sci Sports Exerc 2002; 34:152–157. PMID: 11782661
34. Hammermeister J, Page RM, Dolny D, Burnham T. Occupational physical activity as an indicator of
health and fitness. Percept Mot Skills 2001; 92:121–127. doi: 10.2466/pms.2001.92.1.121 PMID:
11322575
35. Hirai T, Kusaka Y, Suganuma N, Seo A, Tobita Y. Physical work load affects the maximum oxygen
uptake. Ind Health 2006; 44:250–257. PMID: 16715999
36. Miller R, Brown W. Steps and sitting in a working population. Int J Behav Med 2004; 11:219–224. doi:
10.1207/s15327558ijbm1104_5 PMID: 15657022
37. Swiss Federal Statistical Office. Swiss Labour Force Survey. https://www.bfs.admin.ch/bfs/de/home/
statistiken/arbeit-erwerb.assetdetail.255696.html. Accessed 15 August 2015.
38. Bradshaw DI, George JD, Hyde A, LaMonte MJ, Vehrs PR, Hager RL, et al. An accurate VO2max non-
exercise regression model for 18-65-year-old adults. Res Q Exerc Sport 2005; 76:426–432. doi: 10.
1080/02701367.2005.10599315 PMID: 16739680
39. Mutikainen S, Helander E, Pietila J, Korhonen I, Kujala UM. Objectively measured physical activity in
Finnish employees: a cross-sectional study. BMJ Open 2014; 4:e005927. doi: 10.1136/bmjopen-2014-
005927 PMID: 25500160
40. Swiss Federal Statistical Office. Physical Activity. https://www.bfs.admin.ch/bfs/de/home/statistiken/
gesundheit/determinanten/koerperliche-aktivitaet.html. Accessed 17 August 2015.
Predictors of VO2max in Employees
PLOS ONE | DOI:10.1371/journal.pone.0168683 January 3, 2017 14 / 15
41. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr., Tudor-Locke C, et al. 2011 Com-
pendium of Physical Activities: a second update of codes and MET values. Med Sci Sports Exerc 2011;
43:1575–1581. doi: 10.1249/MSS.0b013e31821ece12 PMID: 21681120
42. Drenowatz C, Eisenmann JC. Validation of the SenseWear Armband at high intensity exercise. Eur J
Appl Physiol 2011; 111:883–887. doi: 10.1007/s00421-010-1695-0 PMID: 20972880
43. Wetten AA, Batterham M, Tan SY, Tapsell L. Relative validity of 3 accelerometer models for estimating
energy expenditure during light activity. J Phys Act Health 2014; 11:638–647. doi: 10.1123/jpah.2011-
0167 PMID: 23417054
44. Wasserman K. Diagnosing cardiovascular and lung pathophysiology from exercise gas exchange.
Chest 1997; 112:1091–1101. PMID: 9377922
45. Ramsbottom R, Brewer J, Williams C. A progressive shuttle run test to estimate maximal oxygen
uptake. Br J Sports Med 1988; 22:141–144. PMID: 3228681
46. Paradisis GP, Zacharogiannis E, Mandila D, Smirtiotou A, Argeitaki P, Cooke CB. Multi-Stage 20-m
Shuttle Run Fitness Test, Maximal Oxygen Uptake and Velocity at Maximal Oxygen Uptake. J Hum
Kinet 2014; 41:81–87. doi: 10.2478/hukin-2014-0035 PMID: 25114734
Predictors of VO2max in Employees
PLOS ONE | DOI:10.1371/journal.pone.0168683 January 3, 2017 15 / 15
